General comments: The paper presents long-term hygrosopicity measurements from a mountain site in Switzerland. The data is of importance as they are the first measurements of their kind to be conducted over a whole year at a site in the FT. The measurements and data analysis were additionally made in a more standardized way than previously possible. The article is well written and the results are presented in a concise manner. I recommend it for publication in ACP, however my main questions concern the interpretatition of the results as outlined in the specific comments below. These issues should be addressed before ACP. Thank you.
More comments on this issue can be found under the specific comments. These specific comments are addressed below. Appendix B could be moved to online supplementary material instead of an appendix, as some of the same data is plotted in figure 5 , and the data is only briefly mentioned in the article. This would make the resulting paper shorter and possibly more concise. It is correct that the former Figures B1 and B2 (now C1 and C2) are only briefly mentioned in the paper. This is also the reason why we put them into the appendix. We keep these two Figures in the appendix for the following reasons:
The information provided with Figures B1 and B2 is required to prove that the diurnal cycle of the overall mean GF is caused by the diurnal cycle of the mean GF of the main mode of particles with GF>1.25 rather than by a diurnal cycle of the number fraction of less hygroscopic particles with GF<1.25. This is a relevant finding which is briefly discussed in the main text and which should not be hidden in the supplementary material. -Second, moving the Figures to the supplementary material would not make the paper more concise as they are anyway not part of the main text, except for the above-mentioned brief statement.
Page 13574, line 11: Add "the hygroscopicity parameter kappa" or similar to at least give some information what you are talking about also to readers not previously familiar with kappa. We changed the sentence to: "This size dependence can largely be attributed to the Kelvin effect because corresponding values of the hygroscopicity parameter κ are nearly independent of size."
13575, 23: A one month measurement can give a fairly good representation on diurnal cycles, at least for that period. The 13 months of measurement only cover one year (seasonal cycle), so using the authors definitions, even this measurement is not long enough to "provide representative information" on seasonal cycles as only one was measured. Yes, we agree: A month-long measurement can be suitable to investigate diurnal cycles. We modified the sentence:
"Short observation periods provide only a snapshot of the aerosol properties and their diurnal cycles for the specific atmospheric transport and weather conditions encountered but they rarely provide representative information on month-to-month variations and seasonality."
13576, 23-25: Some short discussion is needed on the effect of sampling at 25C when ambient air can be 30+C lower. Heating the aerosol from ambient temperatures to 25°C We added the following sentences: "Heating the aerosol from ambient temperatures to 25°C dries the aerosol and some evaporation of semi-volatile material with high vapour pressures can potentially occur. However, a comparison of parallel indoor and outdoor number size distribution measurements showed that differences in the accumulation mode could mainly be explained by evaporation of water (Nessler et al., 2003) . Furthermore, 0°C and 20°C showed no substantial differences (Sjogren et al., 2008) ; note, these measurements were conducted in different short-term campaigns."
Nessler, R., N. Bukowiecki, S. Henning, E. Weingartner, B. Calpini, and U. Baltensperger (2003) . Simultaneous dry and ambient measurements of aerosol size distributions at the Jungfraujoch, Tellus, 55B, 808-819.
13578, 8-9: The sample flow should not affect the size, only the spread. Please explain. Yes, the sample flow rate should theoretically not affect the size selection of a DMA. However, in practise we always see some influence of the sample flow rate if the flow ratio becomes small. Therefore we have to correct for it. The effect on the width of the TDMA's kernel function was also observed, but these changes are too small to significantly affect the inverted GF-PDFs. Indeed, advective weather classes can include substantial orographic lifting, though sometimes the air masses at lower levels can also move around the mountains. This has different effects, i.e. transport from the polluted Po Valley but also enhanced precipitation due to the vertical lifting. This results in counteracting effects which are already discussed in detail in Section 3.4.
13582, 2: This is a very broad range of GFs. I would like to see more discussion of these very different particle types. between autumn and summer with equal axis scaling (i.e. area is directly comparable). This graph shows that the GF-PDFs from these two seasons have as much as 84% of their area in common, while only 16% of their area is different. The difference plot shows that the autumn GF-PDF is slightly wider with somewhat less particles in the medium GF range and a few more particles at the smallest and highest GFs. The resulting mean GFs of 1.38 and 1.34 in autumn and summer, respectively, are very similar (see Table 2 ). We did not add this figure to the paper but we try to acknowledge this fact with the following statement: Third: Distinct modes are only reported for the "strong SDE only" data, which are only a small subset of the whole data set. The appearance of these two distinct modes is not further commented because it may not be representative.
13582, 26: The fact that you see no pronounced seasonal trend of the mean GF (as mentioned also in the abstract) is perhaps true, but as discussed some lines earlier, the shape of the GF-PDF does change, and this can be very important for e.g. CCN activation.
In the response to the previous comment we have made the point that the GF-PDFs in different seasons are congruent for the most part with only minor differences. Furthermore, it has been shown that at remote sites the mixing state, which is reflected in the shape of the GF-PDF, has only a very small influence on the integrated number concentration of CCN, whereas knowing the mean GF is of importance (Ervens et al., 2010; Kammermann et al., 2010) . This is due to compensating effects of larger less hygroscopic particles and smaller more hygroscopic particles. I would expect more SOA to be present in particles in the summer, and more non-hygroscopic particles from increased heating or traffic sources in winter. Your data seems to indicate this ( Fig. 2 ), but still your main conclusion is that all seasonal variations are likely only random. Above we have made the point that the mean GF-PDFs of different seasons are largely congruent except for minor differences. Nevertheless, the hypothesis put up by the referee is indeed a possible explanation for the subtle differences between summer and winter at the larger diameters investigated. However, in summer PBL influence is observed at the JFJ for certain weather classes, while this is not the case in winter. In this sense the winter aerosol can also be considered to be more aged than the summer aerosol. Furthermore, in the discussion of Fig. 4 we point out, that more frequent Saharan dust events or occasional influence from local rock drilling works in the winter 2008/2009 might have had an influence at the largest diameter (with the most pronounced summer/winter difference). In summary, any statements about exact reasons for the subtle differences between summer and winter would be speculative.
Related slightly to the previous, later you state that kappa=0.24 is a good approximation for any model, but even the 75th percentile is already ca 0.35 for 265 nm particles. Can you still imply that kappa=0.24 for all particles is a good approximation for "any" model? Not for a model predicting CCN, at least? The sentence in the ACPD says "…is a good approximation in any model that needs a simple description for the hygroscopicity of the Aitken and accumulation mode aerosol …." Models with a simple description of aerosol hygroscopicity should of course not be used to describe processes where the size dependence of aerosol hygroscopicity or the mixing state have a large influence, if computational restrictions allow to use more detailed models. Thus we believe that the sentence acknowledges the restrictions of using a constant κ (i.e. constant in time and independent of particle size) appropriately. Jurányi et al. (2010a,b) showed for example that using a constant κ value allows accurate CCN predictions at the JFJ site at any time and for a wide range of supersaturations. We have added the following paragraph to Section 3.1 (plus Appendix A with Fig. A1 13584, 1-7: Would it have been better to define a limit in kappa space instead of GF space? In this way the Kelvin effect would not affect the limit for the smaller particles. We agree that using a constant κ limit instead of a constant GF limit would have been valuable alternative. Both of them have their justification depending on the process investigated. The difference between the two is actually very small for our data set. Using e.g. a limit of κ=0.1355 would correspond to GF limits of 1.22, 1.24, 1.26, 1.27, 1.28, 1.29 for the dry diameters D 0 =35, 50, 75, 110, 165, 265 , respectively. This does not cause much change compared to using 1.25 for all sizes because e.g. at D 0 =265 nm the number fraction of particles falling between GF=1.25 and GF=1.29 is very small. We decided to use a constant limit for the primary measurement quantity (GF) rather than a constant κ limit.
13586, 21-22: You should be careful to talk about indirect climate effects based on measurements at one site. Especially when you are assessing the importance of particles formed more than 1000km away from your site. The statement made in the ACPD paper already contains the qualifier "at this site". The fact that SDE is unimportant for the number of CCN at the JFJ site has been confirmed by Jurányi et al. (2010a) . We modified the text as follows:
"As a consequence dust particles are not relevant for the total number of CCN at this site (after a transport distance of several thousand kilometers) and with that they are unlikely to have an indirect climate effect through the formation of cloud droplets. This has been confirmed by CCN measurements at the JFJ site (Jurányi et al., 2010a). However, they may still influence mixed-phase and ice clouds, if they were to act as ice nuclei"
Jurányi, Z., M. Gysel, E. Weingartner, P.F. DeCarlo, L. Kammermann, and U. Baltensperger (2010a). Measured and modelled cloud condensation nuclei number concentration at the high alpine site Jungfraujoch, Atmos. Chem. Phys., 10, 7891-7906.
13587, 6: Again, you should be very specific in the presentation when talking about climate effects of Saharan dust measured at one site in Switzerland. But I do agree on the previous two points, that you have the instrumentation and methods to assess the impact on indirect and direct aerosol effects. Only keep in mind also the geography. We fully agree with the referee. We believe that we have taken care of the "geography" by mentioning the transport distance of Saharan dust above. 13590, 3-4: Again, the data are not equal. As you also state later on rows 10 and 13. And I think the lower GF of 50 and 110 nm particles from south an east is large enough to mention. "virtually equal" has been replaced, the sentence reads now:
"The integral hygroscopicity properties GF (Fig. 6a) , ƒ GF<1.25 (Fig. 6b) , and GF GF>1.25 (Fig. 6c) (Collaud Coen et al., 2007) ." The units are given in the bold overall label, similar to the x-labels: "Growth factor probability distribution … 90% [-] "   Fig 3. Half the figure is left empty of data to show different legends/text boxes. This makes the data hard to read. The legend can be made 2x3 instead of 6x1, and the text boxes can be at least decreased in size. We re-arranged the D 0 -legend. However, the scales of the y-axes were on purpose chosen to cover equivalent ranges. E.g. the growth factor range GF=1.25-1.70 corresponds approximately to the κ range 0.1-0.6 and covers more or less the full range of mean growth factors / κ values observed in continental air masses.
Anonymous Referee #2
The paper presents an extensive record of aerosol hygroscopicity observations from the Jungfraujoch site, a globally important site for climate relevant studies. The amount of data contained in this analysis is really quite impressive, as is the feat of maintaining this measurement campaign over the year plus timeframe. My compliments to the authors on this undertaking. The paper clearly written and presented, albeit somewhat length. The measurements were completed with requisite care and due diligence. A few improvements can be addressed before this is published. Thank you
The authors provide the best information on aerosol hygroscopicity for a free Tropospheric site which will be clearly useful for the modeling community. The seasonal consistency of the hygroscopic properties is certainly notable. Really the largest perturbation is the diurnally timed transport of PBL air masses, quite interesting. This is certainly a take home message of the analysis and should be emphasized. Figure 2 takes a lot of looking to see which seasonal trace is which. Can it be improved? I don't see where it would help though to break this out into 4 times as many plots with each season on a separate panel. The point is the seasonal variation is not so important so leaving it as such is merited. Figure 2 was not changed as eventually suggested.
I would move the first paragraph of the results section to the instrument section of the paper. We moved the first paragraph of the results section to the very end of 2.2 Instrumental
Beyond these comments and the details covered by the other review, I believe this paper is ready for publication. Page 13587 . . . .can be explained by the fact that the dust particles are not very numerous but non-hygroscopic and predominantly in the coarse mode size range (see Fig. A1 ), with over-proportionally large scattering cross section. Awkward. I suggest, . . . can be explained by the fact that although the dust particles are not very numerous, they are non-hygroscopic and predominantly in the coarse mode size range (see Fig.  A1 ).
Because they are larger they have a more dominant effect on scattering cross section relative to the FT or PBL accumulation mode at other times. Done.
"Here we investigate the diurnal patterns of the hygroscopic growth factors for different weather classes. . . " Here we investigate the diurnal patterns of the hygroscopic growth factors for routinely determined weather classes at JFJ. . . Done.
In Fig. 5 legend, spell out the weather classes and acronyms, e.g., Convective Cyclonic, CC as in section 2.4 Done. The summary paragraph in Section 3.3 is meant to be a conclusive repetition of the key findings discussed before. We prefer to leave this structure.
Page 13590 ". . . Fig. 6 did not change anything." Fig. 6 did not change the results. Done.
Page 13591 "Consequently a constant and size independent value of 0.24 is a good approximation in any model that needs a simple description of the Aitken and accumulation mode aerosol at the JFJ site." Don't underrate your results to a single average number for use in models with simple hygroscopicity parameterization. The real value here is that you have measured values of kappa or GF that are regionally representative and that show seasonal and synoptic variation that is of significance when put in the context of direct radiative forcing or potential CCN activity. This has already been addressed with answers to above comments.
